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6 ,  G E N E M L  D I S C U S S I O N .
The purpose o f  these s tud ies  ! Ías  to  ana l íze  cont ro l  phenomena
i n  t h e  g l y c o l y t i c  p a t h w a y .  T h e s e  i n v e s t i g a t i o n s  \ i Í e r e  m a i n l y
c a r r i e d  o u t  w i t h  t h e  s t e a d y  s t a t e  p r o g r a m  a s  d e s c r i b e c i  i n
c h a p t e r  5 .  I t  t u r n e d  o u t  L h a t  i n  f e t a l  t i s s u e  t h e  k e y  e n z y m e
i s  h e x o k i n a s e .  I n  t h e  a d u l t  s i t u a t i o n  t h e  k e y  e n z y Í n e s  a r e
h e x o k i n a s e  ( a e r o b i c  s i t u a t i o n )  a n d  p h o s p h o f r u c t o k i n a s e  ( a n a -
e r o b i c  s i t u a t i o n ) .  A n  e n z y m e  i s  r a t e  c o n t r o l l i n g  i f  t h e  g l y c -
o l y t i c  f l u x  i s  d e t e r m i n e d  b y  t h e  k i n e t i c s  o f  t h a t  p a r t i c u l a r
enzyme.  I f  fo r  ins tance under  the  same c i rcumstances  the
c o n c e n t r a t i o n  o f  h e x o k i n a s e  i s  d o u b l e d  ,  a  t w o  f o l d  r i s e  o f
r h p  s l v e o l v f i c  f l u x  w i l l  r e s u l t .  N o  c h a n g e  i n  g l y c o l y t i c  f l u xb - J -
w i l l  o c c u r  i f  a n o t h e r  ( n o t  r a t e  c o n t r o l l i n g )  e n z y m e  c o n c e n t r a t i o n
i s  v a r i e d . .  T h e r e f o r e  a s  a  d e f i n i t i o n  o f  a  c o n t r o l  p o i n t  w e  c a n
u s e  t h e  c h a n g e  i n  s t e a d y  s t a t e  f l u x  a s  a  c o n s e q u e n c e  o f  t h e  c h a n g e
i n  e n z y m e  c o n c e n t r a t i o n  i . e .  d J i d  I E J  .
T h e  s i m u l a t i o n  o f  t h e  t r a n s i r i o n  a e r o b i . c  t o  a n a e r o b i c  g l y c o l -
y s i s r  s h o w s  t h e  r e l a t i v e  a c t i v i t i e s  o f  t h e  e n z y m e s '  I n  f i g '  3
t h e  r e l a t i v e  c h a n g e s  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  g l y c o l y t i c
i n t e r m e d i a t e s  a r e  s h o w n  a s  a  f u n c [ i o n  o f  r i m e .  F 6 P  i s  a l m o s t
i m m e d i a t e l y  a t  i t s  a n a e r o b i c  v a l u e ,  b e c a u s e  P G I  i s  a  v e r y  a c L i v e
enzyme.  The ra t io  GLYP/OgAp remains  about  t l ie  same wich  i l l u -
s t r a t e s ,  t h a t  T P I  i s  v e r y  a c t i v e  a n d  o p e r a t e s  n e a r  e q u i l i b r i u m .
T h e  c o n c e n t r a t i o n s  o f  l  ' 3 P G A ,  3 P G A ,  ? P G L ,  P E P  a n d  P Y R  d o  n o t
change very  much,  there fore  we may conc lude tha t  the  enzymes
P G K ,  P G M ,  E N O L  a n d  P K  a r e  n o t  l i m i t i n g  d u r i n g  t h e  t r a n s i t i o n .
H o w e v e r  F D P ,  G L Y P  a n d  D H A P  a c c u m u l a t e  t o  r e l a t i v e l y  h i g h  v a l u e s .
T h i s  h a p p e n s  b e c a u s e  t h e  N A D  t o  N A D H  r a t i o  d e c r e a s e s  a s  a  c o n -
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figure 3.
Ratio of eoneentratíons of intermediates to the steady state
aey.obie oaLues at 0, 20, B0 ands:seeonds after the transition
from aerobic to anaerobie eonditions.
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i t tg  enzpe dur ing  the  t rans i t ion .  The g lyco ly t i c  f  lux  w i l l  a t ta :
i t s  anaerob ic  va lue  i f  the  in te rmed ia tes  have reached Ëhe i r  ana(
ob ic  concent ra t ions .  In  our  mode l  th is  t ime is  de termined bv  the
GAPDH mechanism.
T h e  c o n t r o l  p o i n t s  i n  m e t a b o l i c  r e g u l a t i o n  c a n  b e  f o u n d  w i t h  t h t
s t e a d y  s t a Ë e  p r o g r a m ,  w h i c h  i s  a  v e r y  f a s t  p r o g r a m .  T h i s  i s  v e r l
impor tan t  because Ëh is  p rogram can eas i l y  be  en la rged w i th  con-
n e c t i n g  m e t a b o l i c  p a t h w a y s ,  w h i c h  i s  o f  g r e a t  v a l u e  f o r  f u t u r e
research .  Thus  the  computer  p rogram is  no t  the  l i rn i t ing  fac to r
i n  s t u d y i n g  m e t a b o l i c  r e g u l a t i o n .
Fur thermore  i t  i s  obv ious  f rom these inves t iga t ions  tha t  enzymes
w h i c h  a r e  n o t  r a t e  l i m i t i n g  c a n  b e  r e p r e s e n t e d  b y  s i m p l e  m e c h a -
n i s m s .  I n  t h i s  \ í a y  i t  i s  p o s s i b l e  t o  r e d u c e  t h e  s y s t e m  w h i c h
m a k e s  i t  e a s i e r  t o  h a n d l e .  T h e  s i m u l a t i o n  s t u d i e s  o f  G a r f i n k e l
and coworkers  o f  beef  hear t  supernatan t  p repara t ion  demonst ra tes
c lear lyËhat  the  resu l ts  a re  no t  improved very  much by  in t ro -
duc ing  de ta i led  mechan isms fo r  the  ind iv idua l  enz)mes.  The
c o m p u t e r  t i m e  n e c e s s a r y  t o  s i m u l a t e  t h e  t r a n s i t i o n  a e r o b i c -
a n a e r o b i c  g l y c o l y s i s  i s  d e t e r m i n e d  b y  t h e  d i f f e r e n t i a l  e q u a t i o n
w h i c h  i s  t h e  m o s t  " s t i f f "  e q u a t i o n .  M o s t  o f  t h e  t i m e  t h i s  d í f -
f e r e n t i a l  e q u a Ë i o n  r e p r e s e n t s  a n  i n t e r m e d i a t e  w h i c h  i s  v e r y  1 o w
i n  c o n c e n t r a t i o n  ( f o r  i n s t a n c e  l  1 3  P G A  i n  g l y c o l y s i s ) .  I f  i t
can  be  assumed tha t  th is  in te rmed ia te  remains  in  s teady  s ta te
t h i s  d i f f e r e n t i a l  e q u a t i o n  c a n  b e  o m i t t e d  a n d  l a r g e r  s t e p -
l e n g h t s  c a n  b e  a p p l i e d .  I n  t h i s  l r a y  i t  i s  p o s s i b l e  t o  s p e e d
up Ëhe program.  ïn  our  case 45  minu tes  computer  t ime r^ ras  needed
t o  s i m u l a t e  8 0  s e c .  o f  r e a l  r e a c t i o n  t i m e .
